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Abstract 
 
The energy efficient renovation of Part F of Hedegaards School in Ballerup, Denmark is one of the four demonstration buildings 
within the EU 7FP project “School of the Future” [1]. All four demonstration buildings in the School of the Future project have the 
same goals: 
x Reduction of the total energy use > factor 3, verified through monitoring 
x Reduction of the heating energy use > 75 %, verified through monitoring 
x Improvement of the indoor environment quality (air, daylight, acoustic, thermal comfort) 
The energy renovation at Hedegaards School comprised the following elements: Building envelope, Lighting system, Renewable 
energy system, Building energy management system (BEMS). As a result of this renovation, the energy savings were close to the 
above goals. 
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1. Introduction 
 
Part F of Hedegaards School in Ballerup, Denmark has been energy retrofitted as one of the four demonstration 
buildings within the EU 7FP project “School of the Future”. Hedegaards School is located in a relatively open urban 
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area with mainly low-rise buildings. Ballerup is a town/municipality of app. 50.000 inhabitants about 15 km. to the 
west of Copenhagen and is as such part of what is often referred to as greater Copenhagen. The climate in Denmark 
is cold-temperate, annual mean temperature has increased from 8 °C in 1980 to 8,7 °C today. The number of heating 
degree days is 2900.The number of hours with bright sunshine is about 1700 – this has also increased over the last 30 
years from about 1500. Hedegaards School is one of 10 schools in Ballerup. The Part F building block is a well- 
defined part of the school. The total floor area is 3.850 m2. It has 15 ordinary classrooms, two rooms for physics / 
science, one auditorium, one teacher room, and a student cafeteria in the basement. Illustrations of Part F are shown 
in figure 1. 
 
 
 
 
Fig. 1. (a) School building south façade; (b) class room. 
 
The school is more than 35 years old and a renovation was needed. The roof was not weather tight, the windows 
were punctured and not tight and the insulation levels of the wall and ceiling were low. In addition, the lighting system 
in the corridors was old-fashioned and consumed too much energy. Before renovation the heating and electricity 
energy consumption and related costs were: 
 
x Heating: 187 kWh/m²-year – 0.08 Euro/kWh = 57500 Euro/year 
x Electricity: 41 kWh/m²-year – 0.26 Euro/kWh = 41000 Euro/year 
 
All four demonstration buildings in the School of the Future project have the same goals: 
x Reduction of the total energy use > factor 3, verified through monitoring 
x Reduction of the heating energy use > 75 %, verified through monitoring 
x Improvement of the indoor environment quality (air, daylight, acoustic, thermal comfort) 
 
2. Building configuration before energy retrofit 
 
2.1. The building envelope – façade 
 
The exterior walls were double brick walls as shown on the figure 2. Between the two layers of bricks is a layer of 
insulation – 70 mm thick. However, the wall is several places massive and thus with thick thermal bridges. 
The windows were double-glazed windows placed in a band almost all around the building as seen in figure 1. 
Many of the windows were punctured and the frames in need of paint. There were two ways to go: Paint the windows 
and change the glazing or change all the windows. 
a b 
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Fig. 2. Cross section of the exterior wall – below the windows. 
 
2.2. The electric lighting system 
 
The electrical lighting in the classrooms is provided by fluorescent tubes (T8) controlled by presence sensors. The 
system is rather efficient and it is difficult to make a return of investment for installing a new lighting system out of 
the energy savings. However, maintenance – changing of tubes – can be reduced considerably by installing a LED 
based system and the lighting levels and uniformity may be improved. In the corridors in the central part of the building 
the system was not controlled optimally and lighting levels are quite uneven. This area is used as additional teaching 
space and as such in need for an upgrade with respect to the lighting quality and level. See figure 3. 
 
 
 
 
Fig. 3. The light level in the east-corridor was rather uneven and quite low. 
 
2.3. The renewable energy system and the building energy management system (BEMS). 
 
There was no renewable energy system installed at the outset of the renovation of this school. There were different 
management systems for the radiators – preheating the ventilation system and for the ventilation system, which has 
covered the canteen area in the high basement. The distribution system for the heating – for the radiators - can only 
be turned on or off as a whole, so when one room is needed in the evening – all the building is heated. Independent 
presence sensors control the lighting in the classrooms. 
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3. Energy renovation measures 
 
3.1. The building envelope 
 
The energy retrofit greatly reduces the thermal losses of the building envelope. As an average 25 cm of insulation 
has been added on the roof, so the average thickness now is 45 cm. Three different options for the renovation of the 
external façade were discussed: 1. Insulation on the outside of the existing wall. 2. Tear down the external bricklayer, 
insulate and replace the brick layer and 3. Tear down the external bricklayer, insulate and install a new thinner external 
layer. The third option appeared to be most cost efficient and at the same time provided the possibility for the best 
insulation – one of the advantages was that the foundation did not have to be changed. Therefore, all around the 
building the existing insulation and the exterior wall layer has been replaced by new insulation and a new exterior 
layer and all the windows replaced by new windows. The new wall is insulated with 33 cm of mineral wool with a 
value of thermal conductivity equal to 0.034 W/mK and the windows have 3-layers of glass and a frame system with 
very low thermal transmittance. See figure 4 (a) and (b). 
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Fig. 4. (a) The new exterior wall under construction, (b) section of new triple-glazed window. 
 
3.2. The electric lighting system in the classrooms 
 
As mentioned above the lighting systems in the classrooms are quite efficient and a replacement in all classrooms 
cannot be justified today by energy savings. However, the municipality is interested in getting experiences with new 
(LED) lighting systems and therefore a side-by-side test of two different LED systems in two classrooms were carried 
out. The two LED systems were respectively round and square. The number of lamps varies in the two classrooms as 
the characteristics of the two lamps are different. The quality of the light will be evaluated both by direct measurement 
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and by questioning the teachers and pupils. In both classrooms the lamps is controlled by advanced control systems 
based on presence and daylight sensors. See figure 5(a). 
Also the lighting of the blackboards has been improved in the two classrooms by installing LED-based lighting 
systems. Here a band of LED light diodes has been installed in a reflector above and in front of the blackboards. 
 
3.3. The electric lighting system in the corridors 
 
In the corridors is a strong need for improved electrical lighting and it was therefore decided to upgrade the lighting 
levels to that of a classroom in order to provide for the use of the corridors as extended teaching areas. LED downlights 
were installed for this purpose. The number and placement was chosen to give a uniform distribution of light as 
illustrated. The two rows of light fixtures are controlled individually according to daylight level, see figure 5(b). 
 
a b 
 
 
 
 
Fig. 5 (a) LED light in classroom, (b) LED light in the corridors. 
 
3.4. The renewable energy system 
 
A PV system was installed on the south facing sloping roof of one of the roof light systems of the school building, 
see figure 6. The area is 152 m² and the total installed power is 22.5 kWp. The expected yearly production will be 
22.5 MWh, corresponding to 5.8 kWh/m²year. 
 
 
 
Fig. 6. PV array on the roof light system. 
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3.5. The building energy management system - BEMS 
 
The requirements in the School of the Future project are that the BEMS system was to be upgraded to: 
 
x allow for the monitoring required in an EU – project 
x allow the teachers to use the recorded energy data for teaching purposes 
x set up a presentation screen at the entrance of the building. 
 
To fulfil these requirements the BEMS system was enhanced in the following way: 
The part in question - Part F of Hedegaards School has been coupled to the existing BEMS system on the other 
parts of the school. The energy meters for electricity and heating automatically feed data to the BEMS system. The 
electrical production of the PV system is also monitored by the new BEMS system. 
All the monitored data can be used by the teachers in teaching situation by logging on the system from the 
classrooms. This means that not only the energy consumption, but also the indoor climate parameters can be shown 
to the pupils and used in the teaching. 
A computer screen has been installed in the main corridor of the school building on which the saved energy and 
the PV production can be shown. 
 
4. Conclusion - energy saving achieved 
 
The energy consumption of Part F of Hedegaards School had been separately monitored for one year before the 
renovation and subsequently two years after the renovation. The resulting reduced energy consumption for electricity 
and heating is depicted on figure 7 in kWh/m²year aside the calculated (predicted) consumption. It appears that the 
energy savings are quite close the goal of a total energy reduction by a factor 3. 
 
 
 
Fig.7. Energy consumption before/after renovation. 
 
Acknowledgements 
 
The School of the Future project has been funded by the EU Seventh Framework Programme. 
The Municipality of Ballerup has renovated Part F of Hedegaards School. 
 
References 
 
[1] School of the Future: http://www.school-of-the-future.eu/ 
